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Abstract

W investigate the economc effects of |everaged buyout
(LBGs) using large |ongitudinal establishnment and firmlevel
Census Bureau data sets linked to a list of LBGs conpiled from
public data sources. About 5 percent, or 1100, of the
manufacturing plants in the sanple were involved in LBGOs during
1981-86. we find that plants involved in LBOs had significantly
hi gher rates of total-factor productivity (TFP) growth than other
plants in the sane industry. The productivity inpact of LBOs is
much | arger than our previous estimates of the productivity
i npact of ownership changes in general. Mnagenent buyouts
appear to have a particularly strong positive effect on TFP.

Labor and capital enployed tend to decline (relative to the
i ndustry average) after the buyout, but at a slower rate than
they did before the buyout. The ratio of nonproduction to
production | abor cost declines sharply, and production worker
wage rates increase, followng LBOs. LBOs are production-| abor-
usi ng, nonproduction-1|abor-savi ng, organi zational innovations.
Pl ants invol ved i n managenent buyout (but not in other LBGs) R&D
intensity of firnms involved in LBGs increased at |east as nuch
from 1978 to 1986 as did they average R&D-intensity of all firns
responding to the NSF/ Census survey of industrial R&D.
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supported by the National Science Foundati on under |nteragency
agreenent SRS-8801036, "lIndustrial R&D and Productivity: Using
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findings, and conclusions or recommendati ons expressed here are
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Securities Industry Association, the U S. Bureau of the Census or
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| nt roducti on

In a previous study (Lichtenberg and Siegel (1987)), we
exam ned the relationship between productivity and changes in
ownership (commonly referred to as "nergers and acqui sitions") of
U.S. manufacturing plants during the 1970s. W found that the
| east productive plants in an industry are nost likely to
subsequent|ly change owners, and that foll ow ng ownership changes,
these plants tend to experience above-average i nprovenents in
productivity. A nore recent paper (lichtenberg and Siegel
(1989a)) indicated that changes in ownership are associated with
substantital reductions in admnistrative overhead -- neasured by
the ratio of "central -office" (auxiliary-establishnment) enployees
to plant enployees -- and that this is a major source of
t akeover-rel ated productivity gains.

The purpose of this paper is to investigate the effects of
specific, and increasing inportant, type of ownership change --
the | everaged buyout (LBO -- on total-factor productivity and
rel ated aspects of firmbehavior. 1In an LBO, a group of
i nvestors (which sonetines includes incunbent managenent) takes a
conpany (or a division of a conpany) private by purchasing all of

t he outstanding equity of the conpany, mainly using borrowed



funds. The enterprise is nmuch nore highly leveraged (it has a
hi gher debt/equity ratio) after the LBO than before. The
financing of LBOs often involves the sale of high-yield (or
"junk") bonds. The debt incurred to buy out the conpany is
expected to be serviced by a conbination of operating incone and

asset sal es.

Al t hough the LBO transaction has been in existence for at
| east 20 years, only in the 1980s has it becone a quantitatively
significant conponent of overall nerger and acquisition (MA)
activity. The share of LBOs in the aggregate val ue of MA
transactions increased fromal nost zero in the 1970s to 27
percent in 1986. This increase is probably attributable to an
i mportant extent to the invention and diffusion of junk bond
financing beginning in the late 1970s. Becuase the extent of LBO
activity was negligible prior to about 1981, our analysis wll
focus primarily on period 1981-86. 1986 is the |atest year for
whi ch Census data were available; this is unfortunate because
nost of the LBOs during this period occurred in the last three
years. This limts our ability to neasure behavior in the years
following the LBO  Neverthel ess, our sanple is |arge enough that
we can obtain reasonably precise estimates for at |east two years
foll ow ng the buyout.

One maj or advantage of the Census Bureau data sets is that

t hey, unlike publicly avail able data sources, include



observations on privately as well as publicly owned firns and
establishnments. As noted above, firns that have undergone an LBO
are (at least initially)! privately held. Privately-held
conpani es are generally not required by the Securities and
Exchange Commi sion (SEC) to issue financial data, which clearly
poses a problem for assessing post-buyout performance.?

A second inportant advantage of the establishnent-|evel
Census data is that they enable us to analyze partial-firm
(subsidiary) LBOs. 46 percent of the LBGOs in our sanple were of
divisions of firnms rather than entire firnms. Because data at the
divisional or lower |level are not generally publicly available --

even for publicly-held firnms--previous studies (e.g. Kaplan

! A nunber of firms involved in LBOs subsequently
underwent "reverse LBGOs," i.e. they becane (or were
acquired by) publicly-held conpanies, especialy after
1986. See Forbes, March 20, 1989, pp. 210-211.

2 Under special circunstance, such data may be avail abl e.
Smth (1989) obtained data on post-buyout corporate
performance for only 58 out of 215 managenent buyouts
fromthe follow ng sources: Prospectuses issued by 17
conpanies with a subsequent offering of common st ock;
other SEC filings of 32 conpanies with public debt or
preferred stock outstanding after the MBGO and

financial statenments rel eased confidentially by 9

conpanies. As Smith acknow edges, there is a strong

possibility that the 58 conpanies for which data are

avai l able are not a a random sanple of all 215

conpani es, and therefore that that findings based on this
subuset are biased, although she nmakes a fairly convi nci ng
case that her results are not seriously af fected by
sanpl e-sel ection bias. Nevertheless, it is clearly
preferable to conduct the analysis using a data set not

subject to this kind of censoring.
As we discuss below the extract of the Census
Longi tudi nal Research database (LRD) we use it al so
subject to censoring, albeit of a different, presumably
| ess inportant, Kkind.



(1988), Smth (1989)) have had to confine their attention to
buyouts of entire firnms. Moreover, LBOs are fredquently foll owed
by divestiture of sone of the firmis plants or |ines of
busi nesses, further limting the useful ness of conpany-| evel
dat a.
Qur primary objective is to analyze the relationship between
LBCs and total factor productivity -- output per unit of total
input -- although we will also consider the effects of LBOs on
ot her, related, aspects of firm behavior such as output,
enpl oynent, capital stock, wages, plant closings, and R&D
investnment. TFP is perhaps the single best neasure of technical
efficiency, and in his pioneering studies in the 1950s Robert
Sol ow (1957) established that nost of the long-run increased in
econom ¢ wel fare (output per capita) experienced by the U S. and
other industrialized countries have been due to increased in TFP.
Acquisition of a firmvia | everaged buyout m ght be expected
toresult in an increase in its relative TFP because conpensati on
(of senior managers and perhaps of other enployees as well) --
and indeed the very survival of the firm-- is nuch nore strongly
related to performance after the buyout than before. Jensen
(1989, p. 5) states that the average CEOis a sanple of LBGs
receives at |east $64 per $1000 change in sharehol der wealth from
his typical 6.4%equity interest, whereas the average CEO in the
Forbes 1000 firms experiences total wealth change of about $2 per

$1000 change in stockholder value. |If the firms earnings are



insufficient to cover the interest paynent on the debt incurred
to finance the buyout, the managers also face the risk of |osing
control of the firnms to the bondhol ders. This increases the
rewards for strong performance (and i ncreases the penalty for
poor performance). Jensen has al so argued that |arge fixed

i nterest obligations, by reducing the anount of "free cash flow "
reduce the likelihood and extent of investnent in "unproductive"
projects. Thus changes in both the incentives and opportunities
facing managers are hypotesized to |lead to inprovenents in
productivity.?

The remai nder of this paper is organized as follows. 1In the
next section we docunent the growmh in LBO activity in greater
detail and describe the construction of our data base. The
devel opnent and anal ysis of the TFP nmeasure is presented in
Section IIl. The deconposition of TFP changes into output and
i nput changes is reported in Section IV. Relative rates of
pl ants cl osi ngs anong LBO and non-LBO plants, and their possible
inplications, are discussed in Section V. Section VI is devoted
to an analysis of the effects of LBGs on R& investnent. A

summary and concl udi ng renmarks are given in the [ ast section.

3 Wil e the LBO organi zational form may general higher
average econom c "returns" (productivity) than the
prototype public corporation, it is also subject to
greater (financial) risk. One view of the rise of LBGs
is that the higher potenital returns to this

organi zational formwere nore that sufficient to

conpensate investors for their higher risk. Qur enpi ri cal
work is ainmed at determning the difference in mean returns
(productivity), but not the difference in risk, between LBO

and non-LBO firnms or plants.



1. Li nki ng Census data to the external list of LBGs

Table 1 presents annual data published by Mergers and

Acqui sitions magazi ne on the aggregate val ue and nunber of LBGs

for the years 1981-86. (Prior to 1981, the extent of LBO
activity was apparently very limted. There were only 3 LBOs of
at least $35 mllion in value in both 1979 and 1980, and in both
years the aggregate val ue was under $1 billion.) Al so included
in Table 1 as a benchnmark are data published by WT. Ginmm and
Co. on all nerger and acquisition (MA) transactions. Both the
nunmber and total value (but not the average value) of LBGs
increased in every year. The largest junps in value occurred in
1984 and 1986, and probably reflect a few very | arge
transactions. Between 1981 and 1986, the nunmber of LBGs nore
than tripled, and their total value increased nore than fifteen-
fold. The nunber and val ue of M&As al so tended to increase
during this period (followi ng a period of steady decline since
1969), but at a nmuch |l ower rate. The nunber of MAs increased 39
percent, and their nom nal value less than triple. Between 1981
and 1986, the LBO share of the nunber of deals increased from4.1
percent to 10.0 percent, and the LBO share of the total val ue
increased from 3.7 percent ot 26.9 percent. 1In the first three
years the average size of LBO transactions tended to be sonmewhat
smal l er than that of all MA transactions, but in the last three
years have tended to be considerably |arger.

Unfortunately, we had access to data on individual LBGs only



for LBOs whose val ue was at |least $35 million (henceforth
referred to as "major LBGs"). The bottaom panel of Table 1
presents data for this subset of deals.* |In principle, of
course, the total value of major LBOs cannot exceed the total
value of all LBGs, but the data for the two groups cone from
different sources which in sone cases assign differenc values to
a given deal, so this inequality is sonetinmes violated in
practice. Nevertheless, conparison of the top and bottom panel s
of the table provides a rough guide to the effect of the $35
mllion threshhold. For the period as a whole, major LBGs
account for 19 percent of the deals but for 96 percent of the
total value. Because the sanme nom cal threshhold was in effect
in every year, the fraction of deals exceeding the threshhold was
in effect in every year, the fraction of deals exceeding the
t hreshhol d (hence observed by us) tended to be | arger towards the
end of the period.

In order to assess the effect of LBGOs on the performance and

conduct of the firns involved, we |linked the data contained in

4 Data on these individual LBOs were provided to us by
Morgan Stanley and Co., which conpiles its own

exhausti ve dat abase of all major nergers and

acqui sitions, of which LBOs are a subset. The primary
sources fromwhich the data base is conpiled are

reports in the New York Tines, The WAll Street Journal,
Dow Jones Tapes, and news rel eases. Transactions are
identified as LBOs in the Mdrgan Stanley database if
they are reported as such in the primary sources. W
di d not have access to data on individual MAs; we
present data on M&As of at least $35 mllion only for
pur poses of conpari son




the |ist

i ndi vi dual

of major LBOs to an extract we prepared of data on

manuf acturing establishnments contained in the Census

Bureau's LRD.°®

Roach (1989, p. 24) estimates that 63 percent of the total

val ue of the major LBOs during the period 1978-88 invol ved

conpani es or divisions whose primary industry is manufacturing.

Since only manufacturing establishnments (and not, for exanpl e,

retail and service establishnments) are included in the LRD, if

The LRD is a large mcro database of establishnent-

| evel data constructed by pooling infonration fromthe
qui nquenni al census of Manufactures and fromthe Annual
Survey of Manufactures. See McGQuckin and Pascoe (1988)
for a detailed discussion of the LRD. Data for between
310 and 350 thousand establishnments are included for
each of five Census years (1963, 1967, 1972, 1977, and
1982), and for between 52 and 74 thousand establi shnent
i n non-Census years from 1973 to 1986. In our 1987
paper we anal yzed data for the years 1972 through 1981
-- the latest year for which data were avail able at the
tinme. We restricted our sanple to include only those
establishments that were observed in every one of the
ten years 1972-81. Thus plants that opened or closed
and plants that were admtted or deleted fromthe ASM
sanpl e during the period were excluded from our sanple,
which as a result contained data for 20, 493

establishnments. To performthe present study we
extended the data for these 20,493 establishnents
t hrough 1986 using the newy avail able data for the years

1982- 86.

We did not include data for plants that

opened or were admtted into the ASM sanple after 1981.
However, to remain in our sanple we did not insist that
an establishnent be observed (operating and in the ASM
sanple) in each of the years 1982-86. Thus, our panel
of establishnents is "unbal anced" after 1981, and by
1986 the nunber of plants has fallen to about 14, 300.
In retrospect, the above procedure for constructing our
dat a base was probably not an optiml one, although we
doubt that our findings have been strongly influenced
by this procedure. W hope in future work to re-

exam ne sone of these issues using a nore
representati ve dat abase.



the sizes of LBO in manufacturing and other sectors are simlar
one woul d expect to identify establishnments in it correspondi ng
to no nore than about 60 percent of the (nunber or val ue of)
LBOs. As Table 2 reveals, we were able to observe one or nore
establ i shnments of conpanies involved in 57 percent (by value) of
the major LBOs. Thus within the constraints of the deal -size
threshhol d and the industry (manufacturing only) limtation, the
"coverage" provided by the LRD appears to be quite good.

The establishnment records in the LRD indicate both a code
identifying the establishnent's parent conpany and the (4-digit
SIC) industry in which the establishnment (primarily) operates.

To determ ne whether an establishnment had been involved in an LBO
in a particular year, we adopted the follow ng procedure (See
Chart 1). W |ooked to see whether the parent conpany's nanme
appeared on the |ist of conpanies acquired via LBGs in that year.
I f not, we assigned the code LBO=0 (not involved in an LBO in
that year). If so, we determ ned whether the LBO was of the
entire conpany or only of a part of the conpany.® If the LBO was
of the entire firm the establishnment was assigned the code LBC=1
(tnvolved in an LBOin that year). |If the LBO was of only part
of the company, we developed a Iist of SIC codes of the acquired
unit based on a "business description" of the unit contained in

t he Morgan Stanl ey database. Additional information about the

6 As Table 3 shows, "partial" LBOs account for 39 percent
of all LBGs captured in the LRD file.



industrial activities of divisions or conpani es was obtained from

Standard and Poor's Reqistry of Corporations and the Directory of

Corporate Affiliations. |f the establishnent's SIC code was

included in this list, we assigned the code LBO=1l; otherw se we
assi gned the code LBO=0.

Qur procedure for assigning values to the LBO code is
undoubt edly subject to error, particularly in the case of
partial-firmLBGs. For exanple, it tw subsidiaries of a firm
both have plants in the same industry, and only one of the
subsidiaries is involved in an LBO then we woul d erroneously
assign the value LBO=1 to both subsidiaries' establishnents.’
| f, however, such neasurenent errors are random (which we expect
to be the case), then their effect will be to reduce the
magni t ude and significance of the estimated differences in
behavi or between LBO and non-LBO est abl i shnents.

Several previous enpirical studies (Kaplan (1988) and Smth

(1989)) have been concerned wth so-call ed managenent buyouts

(MBGs), the subset of LBOs in which the acquiror includes the

i ncunbent managers of the acquired unit. Since the description
of the acquiror indicates whether or not managenent partici pated
in the acquisition, we can distinguish (al beit perhaps

i nperfectly) between MBOs and other LBOs. As Table 3 reveals,

! This may not be a serious problem however, since
McGucki n and Andrews (1988) found that firnms rarely
di vest only sone of their plants in a given 4-digit
i ndustry.



MBOs accounted for 45 percent of the value of all najor LBGs
during the period 1981-86.8% Anong maj or LBOs captured in our
extract of the LRD, however, MBOs accounted for only 27 percent
of total value, perhaps because managenent is less likely to
participate in LBOs in manufacturing than in other sectors.

Qur extract fromthe LRD contained data on 20, 493
manuf acturi ng establishnments for the year 1981. 1108 (5.4
percent) of these establishnents were involved in at |east one
maj or LBO during the period 1981-86. The distribution of
establishments involved in major LBOs (henceforth "LBO
establishnments"), by type of LBO is presented in Table 4. 35
percent of the LBO establishnments were involved in MBGs, and 30
percent were involved in partial-firmLBOs. These two attributes
are correlated: MBGOs account for 47 percent of partial-firmLBGs
but only 30 percent of full-firm LBGs.

The establishnment records in the LRD al so include a
"coverage code" which indicates, anong ot her things, whether or
not the owner of the establishnment (i.e., the ultimte parent
corporation) had changed since the previous year.® This coverage
code was used to distinguish between establishnments changi ng and

not changi ng owners in our two previous studies (1987, 1989a) of

The share of MBOs increased fairly steadily over tine.

We al so used the coverage code to identify incidents of
plant closing. This issue will be discussed in Section
V.



ownership change. Since LBGOs constitute a special case of the
general phenonenon of ownership change, one m ght expect that
virtually all the establishnents that we identified as being
involved in LBOs (via the procedure outline above) woul d have
Census coverage codes indicating a change in ownership in the
year of the LBO W discovered, however, that the neasured rate
of ownership change during 1981-86 anong LBO pl ants was
substantially less than 100 percent -- it was 37 percent --
al though it was about double the rate anong non-LBO pl ants.
Mor eover, the higher six-year rate of ownershi p change anong LBO
plants was to an i nportant extent accounted for by higher
frequency of ownership change in years follow ng the LBO

Al t hough these findings appear to be anomal ous, they nay to
sone extent sinply reflect two features of the Census Bureau's
procedure for recordi ng ownership change in the plant files.
First, the bureau generally records ownershi p change only when
there is a true nerger in the sense that operating units are
conmbi ned under comon ownership or one firmis split into two or
nore operating units. One would therefore expect there to be a
hi gher neasured rate of ownershi p change anong plants involved in
partial than in full-firmLBGs, which is in fact the case. '

Second, the Bureau obtains ownership information from an

10 Pl ants involved in partial LBOs were about tw ce as
likely to be coded as ownershi p-change plants as plants
involved in full-frimLBGOs: the respective ownership
change rates were 56 and 29 percent.



i ndependent, firmlevel "Report of Organization"” and process it
into the plant files iwth a 1 1/2 - 2 year lag. Sone ownership
changes (particularly those involving small firnms) are therefore
reported as occurring in years follow ng the actual ownership
change. Al so, many of the LBGs occurred in 1985 and 1986, and
the ownership information for these years may not have been
entered (even with a lag) into the files we anal yzed.

I11. Conparisons of productivity of buyout and non-buyout plants

In this section we describe and anal yze differences in
total -factor productivity (TFP) behavi or between plants invol ved
in LBGCs (or MBOs) and other plants. Qur neasure of TFP is a (raw
or studentized) residual froma production function of the
followwng form estimated separately by 4-digit SIC industry
i ndustry and year:
RN VQ;, = $g¢ + B I L + $ge AN K,

+ $Mt N VM, + U, (1)
where VQ denotes the value of production (the value of shipnents
adj usted for changes in finished-goods and work-i n-process
inventories); L denotes |abor input ("production-worker-
equi val ent” manhours); K denotes captial input (the "perpetual
inventory" estimate of the net stock of plant and equi pnent); VM
denotes the value of materials consuned (materials purchased
adj usted for changes in rawnaterials inventories); uis a

di sturbance term and the subscript ijt refers to establishment i



in 4-digit SICindustry j in year t.* OQutput and materials are
measured in nom nal terns because the LRD does not include
establishment-specific deflators. It is conventional to assune
that output and materials prices do not vary across establishnent
within an industry, which would inply that the nom nal neasures
are proportional to their real counterparts, although there is
evi dence inconsistent wwth this hypothesis (see Abbott (1988)).
Thus the conputed residual may be capturing price difference as
well as productivity differences. Because eq. (1) was estinated
separately by industry and year, the residual for a given
observation neasures the percentage deviation of the
establishment's TFP fromthe nean TFO of all establishnents in
the same industry and year. By construction, of course, the
resi dual s have a nean val ue of zero.

Al t hough the production function (1) is estinmated separately
by industry and year, we will pool the estimated residuals across
i ndustries (and sonetines al so across years). The estimted

1
residual variance S = ------- 3 e}, varied over j and t, so

t

1 This (generalized) Cobb-Douglas production function may
be regarded as a local first-order logarithmc
approximation to any arbitrary production funtion.
Maddal a (1979, p. 309) has shown that, at |least within
a "limted class of functions .. (viz. Cobb-Dougl as,
general i zed Leontief, honobgeneous translog, and
honmogeneous quadratic) differences inthe functional
form product negligible differences in neasures of
mul ti-factor productivity.” This is because these
different functional fornms differ in their elasticities
of substitution (which depends on the second
derivatives of the production) whereas productivity
depends primarily on the first derivatives.



a given value of a raw residual e;;, represented a larger relative
departure from nmean productivity in sone industries and years
(those with "low' S) than in others. |In addition to exam ning
the raw residuals, we therefore also exam ned the "studentized"
residuals e;,/S,;, which are the raw residuals scal ed by the
correspondi ng estimated standard error of the regression (1). An
observati on whose studentized residual is say, 0.5, has
productivity half a stanard devi ati on above average.

Qur first approach to assessing the inpact of LBOs on
productivity is to estimate the difference in the growmh in TFP
during 1981-86 between plants involved in LBOs during that period
and other plants, conditional on the |level of productivity in
1981. The coefficients <, fromthe followng regression is an
estimated of this difference in growmh rates:

Yiise = <o * <iXjsrse + <2Yijer + sijse (2)
where Y denotes either the raw residual or the studetized
residual, and X denotes either an LBO dumy (=1 if the
establ i shnment was involved in an LBO during 1981-86, = 0

ot herwi se) or an MBO dummy (defined similarly).' The

12 Because Y5 is a residual estimated formthe first-
stage eq. (1) rather than the true but unobserved
productivity di sturbance, as Murphy and Topel (1985)
show the OLS standard errors (t-statistics) are

probably biased downward (upward). (The fact that the
dependent variable Y4 is also estimted apparently
doesn't in any such bias). W plan in the future to
cal cul ate corrected standard errors using their fornula
for the asynptotic covariance matrix. However one of
their enpirical illustrations (see p. 373 of their
article) suggests that, because the variable X g g
was excluded fromthe first-stage eq., the bias in the



coefficient on 1981 productivity is specified as a free paraneter
rat her than constrained to equal unity to allow for the possility
that productivity growth depends on the initial productivity
level (i.e., productivity is not a randomwal k), and for a
correlation between X and initial productivity. Estinmtes of the
paranmeter <, fromeq. (2) are reported in Table 5. Each of the
coefficients reported in Table 5 conmes froma separate
regression. The first line displays estimtes based on the raw
residual as the productivity neasure. It indicates that the
(cumul ative) productivity growmh during 1981-86 of plants
involved in LBOs was 2.8 percentage points higher than that of

pl ants not involved in LBGOs; the difference in growh rates is

highly statistically significant.* The difference in growh

OLS standard error of <, if any, is small. In their
exanple, it was on the order of 3 percent.

13 Esti mates of <, and their corresponding standard errors

(in parentheses) are .879 (.022) and .343 (.009) for
the raw and studenti zed resdual s, respectively. The
results are the sane in the case of the LBO and MBO
speci fications.

14 About 9.5 percent of LBO plants, and 10.2 of non-LBO
pl ants, were not in the same 4-digit industry in 1986
as they were in 1981. For plants switching industries,
the "reference group” for caluculating relative

productivity changed. W tries to exam ne whet her

swtching of industries affected our estimtes of <, by
also including in eq. (2) a dumry variable equal to one
if a plant switched industries, and otherw se equal to
zero. The coefficient (t-statistic) on this dummy in
the raw resi dual specification was -.011(1.3) --

negative but only marginally significant -- and the

estimate of <, was virtually unchanged.



rates was even higher -- 3.9 percentage points -- in the case of

establ i shnents involved in managenent buyouts.'® The estinates

based on the studentized residuals are qualitatively simlar to
t hose based on the raw residuals: they are highly (indeed
slightly nore) significant, and the relative magni tudes of the
LBO and MBO coefficients are simlar. Because the results based
on the raw residuals are nore easily conpared to other
productivity data, henceforth we will confine our attention to

t hese. 16

15 W also estimated a version of eq. (2) including two

buyout dummy vari abl es, one for managenent buyouts and
one for "other LBGs" (non-managenent buyouts). The
coefficients on "other LBGs" fromthe raw and
studenti zed residual regressions were respectively
.016(1.30) and .064(1.55). Thus they were only
marginally significantly different fromzero, but we could
not reject the hypothesis that the coefficients on MBGs
and other LBOs were identical.

16 OLS estimation using studentized residuals is similar

to weighted | east-squares (WS) estimation using raw
residuals, with weights S;;"! that are identical for
all plants in the sane industry in the sane year. One
m ght argue that it would be preferable to use weights
that vary across plants within industries and years, in
particular to use as the weight the reciprocal of the
square root of the estimted standard error of the
resi dua
Sjt2(1 - X ijt(xI jtxjt)_lxij_t)

where X, is the design matrix fromeq. (1) for

industry j in year t and X, is the i'" rowof this

matrix (i.e., the row corresponding to the i'" plant).
See Neter et al (1985, p. 402) for a derivation of this
formula. We have taken this approach in estimating
ot her equations with the sane dependent variable as eq.
(2) (but different independent variables), and found
that relative to OLS estimation using raw residuals, it
i ncreased the magni tude of the paraneter estimtes and
R by 14 to 28 percent and reduced the standard errors
by 7 to 15 percent. W therefore plan inthe future to



Dat a published by the Bureau of Labor Statistics (BLS) on
TFP grow h in the manufacturing sector as a whole provide a
conveni ent, al though possibly biased, benchmark agai nst which to
measure the LBO-related productivity growh differential cited
above. According to the BLS (1988, p. 12) TFP in the
manuf acturing sector increased 19.9 percent from 1981 to 1986.
This figure may be considered a wei ghted average of the
productivity growth rates of LBO and non-LBO plants, wth weights

roughly equal to the fraction of enployees in plants in each

group:

v}
I

SLBO C BLBO + (1 - SLBO) C BNO\I—LBO

- BNO\I—LBO + SLBO C (BLBO - BNG\I—LBO)

where B, Bz, and By .so denote the productivity growth rates of
all plants, LBO plants, and non-LBO plants, respectively, and S,
denotes the fraction of all workers enployed in plants that are

involved in LBOs, estinmated to be 5.25 percent.® The data

apply this procedure to the estimation of eq. (2).

1 We |ack output and materials deflators at the 4-digit
i ndustry level for the |last few years of our sanple
period. O herw se, of course, we could conpute

separately productivity gromh rates for both LBO and

non- LBO plants, not nerely the difference between these
gromh rates. Since our original (1972-81) sanple of
pl ants accounted for 67 percent of aggregate

manuf acturing shipnents (see p. 651 of our 1987 paper),
we believe that the BLS nunber provides a reasonabl e
approxi mati on of average productivity growth in our
sanpl e.

18 Equation (2) was estimated using data only for the

14281 plants that had nonm ssing data in each of the



reported above inply that B = .199 and that (Bg - Byowigd =
. 028, fromwhich we may infer that Byg s = -198 and B,z = . 226.
The productivity growh rate of LBO plants was therefore about 14
percent higher that that of other plants. The productivity
grow h rate of MBO plants was about 20 percent higher than that
of plants not involved in MBGCs.

In a previous study (1987) paper we estimated the difference
in productivity gromh rates during 1974-80 between pl ants

i nvol ved in ownership changes of all kinds (as neasured in the

LRD file) and plants not involved in ownership change. The
estimated difference (B - Byowood) . @l though highly significantly
different fromzero, was considerably smaller than our estimte
of (Bgo - Bnoviso): It was approxi mately . 005. However, the
overall rate of manufacturing productivity growth during 1974-80
was nmuch lower than it was during 1981-86: productivity
increased only 5.6 percent from 1974 to 1980. Since

approxi mately 15 percent of plants changed owners during the
period 1974-80, our previous estinmates inplied that during that
period By = .055 and B = .060. Thus the productivity growth
rate of plants changi ng owners was about 9 percent higher than
that of plants not changing owners. The percentage difference

(Be - Bnovoo) !/ Byawoc 1S @about two-thirds as |arge as the percentage

years 1981-86. 933 (6.5 percent) of these plants were
involved in LBOs during that interval. LBO of these
plants was 5.5 percent in 1981 and 5.0 percent in 1986,
the nmean of which is 5.25 percent.



di fference (Bigo - Broviso ! Brnov Lo

Qur estimates of (Bigo - Bnowiso). |1 ke our original estimates
of (B - Bynoo), are based on data only operating nmanufacturing
establishnments. Due to the unavailability of data, so-called
"auxiliary establishnents,” which include central adm nistrative
of fices and ot her nonproduction facilities, were excluded from
the econonetric analysis in our first paper and in this one. 1In
1982, auxiliary establishnments accounted for about 7 percent of
enpl oynent and 10 percent of payroll in manufacturing.
Unfortunately, data for these establishnents are collected only
every five years, and the |latest year for which they are
currently available is 1982.'° Auxiliary establishnments do not
produce any narketabl e output; rather, they provide services
(such as adm ni stration, R&D, and data processing) to the firms
production establishnents. |If the effect of ownership change (or
LBO on enploynent, for exanple, in auxiliary establishnments is
different fromits effect in manufacturing establishnents, then
estimates of the difference (Byx - Byowo (0Or Bigo - Bauoviso)) based
only on manufacturing establishnent data will be biased. In the
sequel to our original paper, we showed that ownership change
tends to be acconpani ed by significant (approximately 11 percent)
reductions in the ratio of auxiliary-establishment to production-
establ i shnment enploynent. Failure to account for this reduction

in adm nistrative overhead |led to substantial underestimation in

19 The 1987 dat will probably becone available in 1990.



our original paper of the effect of ownership change on
productivity growh (Bg - Bywwo). Accounting for this increased
our estimate of (Bg - Byovoc by 0034, from.0046 to .0080. Wile
we don't have estimates of the effect of LBOs on the ratio R of
auxi |l i ary-establishnment to production-establishnent enpl oynent,
it is quite plausible that it is at |east as negative as the
effect of ownership change on R Indeed, statenents by Jensen
(1989, p. 3) inply that the effect may be nuch greater in
magni t ude:
LBO assocations . . . are run by partnerships instead
of the headquarters office in the typical large nulti-
busi ness diversified corporation. These partnerships
performthe nonitoring and peak coordination function
with a staff nunbering inthe tens of people, and
replace the typical corporate headquarters staff of

t housands.
| f we assune tha the effect of LBOs on Ris (nerely) equal to the
ef fect of ownership change on R, we woul d raise our estimte of
(Bigo - Bnowiso) from .0280 (in Table 5) to .0134; if the actual
effect on Ris larger, even this adjusted figure would understate
the true productivity growh differential.

So far we have anal yzed the |ink between LBGCs and
productivity change by conputing the difference in growh rates
of TFP over a six year period (1981-86) between plants involved
and not involved in LBOs at any tine during the period. An
al ternative approach, which we pursue next, is to conpute

difference in the nean (level of the) productivity residual in

year t+k (k=-13,-12,...,-1,0,1,2) between plants involved and not



involved in LBOs in year t. This apporach has both an advant age
and a di sadvantage relative to the first approach. The advantage
is that it provides evidence concerning the precise timng of
productivity novenents relative to the date of the LBO (It is
possi bl e, for exanple, that the higher five-year productivity
growh rate of LBO plants is due primarily or entirely to higher
growt h before the LBO )? The disadvantage is that difference in
annual productivity changes are estimated | ess precisely than
differences in five-year gromh rates. This is partly due to the
fact that the fraction of plants involved in an LBO during a
singel year is smaller than the fraction (ever) involved during a
si x-year period. Qur estimtes of LBO vs. non-LBO nean
productivity differences are obtained by regressing the residual
on an LBO dummy variable; the latter may be viewed as a

bi nom ally distributed random vari able, equal to 1 (if and only
if an LBO occurs) with probability 2, and equal to 0 with
probability 1-2. The variance of the LBO dunmy in N2(1-2),

which is an increasing function of 2 (provided that 2 < .5,

which is true in our data). Since the variance of the

coefficient on the LBO dummy is inversely related to the variance

20 Further analysis along the Iline of Table 5 cast doubt
on this possibility, however. Wen we replaced the
single (1981-86) LBO dumry by two LBO dunm es --

"early" (1981-83) and "late: (1984-86) -- their

respective coefficients were .033 and .021, i.e. "early"
LBOs were associated with higher productivity I ncrease,
al though the difference in coefficients was not

significant.



of the LBO dumry, hence inversely related to 2, the coefficient
on the five-year LBO dummy is estimted nore precisely than the
coefficients on annual LBO dunm es.

Mean productivity difference (&g - Bnavieo and (go - Ernow
wo » Dy year relative to the year of the LBO or MBO are reported
in Table 6 and plotted in Charts 2 and 3. W don't report
di fferences beyond two years after the deal since very plants are
observed for nore than two years after the deal (2 declines
sharply as k increases).? The results in the first colum
indicate that plants involved in LBOs in year t tended to have
above- average productivity in every year fromt-13 to t+2. But
the relative productivity of LBO plants appears to have declined
in the years prior to the LBO, and then increased sharply
beginning at the tine of the LBO The average val ue of the
difference in three periods is as follows:

Aver age val ue of
Peri od (o - Enovieo

(t-13) to (t-7) 2.0
(t-6) to (t-1) 1.2
| t  to (t+2) 2.7
In year t+1, the productivity difference is larger (and nore

significant) than it was in any previos year, although it

declines (and is only marginally significant) in year t+2. The

21 Recal |l that plants are observed only through 1986, and
the LBOs all occurred during 1981-86, nost of themin
the last 3 years.



average productivity difference increases from1l.2 in the 2 years
before the LBOto 2.9 in the 2 years after the LBO

In many respects, the pattern of productivity differences
for MBOs is simlar (although nore pronounced) to the pattern for
LBOs: the average value of (&g - Bvowmeo) 1S 2.3 in period 1, 1.2
in period Il, and 5.9 in period Ill. Relative productivity of
MBO plants was as high as 3.6 in t-11 but fell to essentially
zero 6 to 4 years before the MBO But the relative productivity
of MBO plants apparently began to increase about three years
before the MBO and reached a record (until the point) high of
4.9 in year t-1. Despite this, the average productivity residual
increased from3.6 in the two years before to 7.5 in the two
years after the MBO. The difference between the productivity
i ncreases associated with MBGOs and LBOs using annual neasures is
even greater than that suggested by the five-year growth-rate
results.

Wiile the data clearly indicat buyouts tend to be foll owed
by substantial increases in productivity, the causal
interpretation of this correlation is open to question. 1In
particul ar, one could argue (1) that there exogenous variation in
pl ants' expected increase in relative productivity; (2) that
plants with | arge expected productivity increases (about which
managenent may have private information) are nost likely to be
acquired via on LBO and (3) that actual productivity growh is a

noi sy indicator of expected productivity gromh. Smth (1989)



consi dered argunents of this sort, and although she coul d not
rule thementirely, she presented evidence which suggested that
they could not account for the post-buyout inprovenent in
performanc. First, no inprovenent in performnce was found

follow ng 24 unsuccessful MBO proposals. Second, the inprovenent

in performance foll ow ng nondefensive MBOs and/or MBOs initiated
by current managenent -- the nost likely context for potenti al
gains fromtrading on inside information via an MBO -- ended to
be no greater than the inprovenent follow n other MBGCs.

I n our 1987 paper we estimated difference in nean
productivity between plants involved in ownership changes (of al
types) and plants not so involved, which we denote by (e« - &\
o) - Those differences (calculated fromt-7 to t+7) also
exhibited a U shaped tine-path (whose turning point approximately
coincided with the date of ownership change), but the position of
the path was "shifted down": the productivity difference were
negative in every year. As noted earlier, due to data
[imtations we can't really identify the LBO and MBO productivity
trajectories past year t+2, but if we assunmed themto be simlar
in shape to the (ex- &wwo) trajectory for the years after t+2
(as they are for the years before and including t+2), we could
infer that they continue to rise (or at |least do not fall) after
t+2.

| V. Deconposi tion of productivity changes into output and input

changes



The preceding evidence is quite consistent with hypot hesis
that plants involved in LBOs -- and especially in MBGs --
experience higher rates of productivity growmh than other plants
in the sane industry, and that the relative productivity
i ncreases occur at or near the tine of the buyout. By
definition, difference in productivity gromh rates are due to
difference in output gromh rates, differences in input (capital,
| abor, and materials) growth rates, or both. 1In this section we
provi de a deconposition of the productivity changes into out put
and i nput changes.

The first columm of Table 7 indicates that LBO (and
particularly MBO plants had higher growh rates of output during
1981-86 than non-LBO plants, but the differences aren't
statistically significant. W can't reject the hypothesis that
buyout plants had a constant market share during this period. In
[ight of our productivity findings, this inplies that buyout
plants had a |ower rates of total input. The |last three col ums
of the table indicate that the growh rates of |abor, and
particularly of capital (but not of materials), were
significantly lower in the case of all LBOs. Anong the subset of
MBO pl ants, these difference in growh rates were al so negative,
but smaller and not significant.

As discussed earliers, the problemwth interpreting the 5-
year growh rate differences is that they don't reveal the

precise timng of novenents relative to the data of the buyout.



To shed light on this question, we present in Table 8 differences
in annual growth rates of output and inputs in year t+k (k = -
2,1,0,1,2) between plants involved and not involved in LBOs in
year t. As noted above, due to the relatively small nunber of
LBGs in any given year the standard errors on the differences are
fairly large. The differences in capital and |abor gromh are
negative in every year; these differences are significant only in
the years before the LBO (years t-2, t-1, and t). In the case of
all three inputs, the average difference in growh rates is |ower
(nore negative) in the 3 years before the LBOthan it is in the 2
years after. Thus, although the relative (to industry nean)
anmount of inputs utilized in LBO plants is |ower several years
after the buyout than it was several years before, input use was
declining prior to the buyout, and at a faster rate than it was
after the buyout.

The Census establishnment data enable us to exam ne the
behavi or of |abor-related vari abl es other than total |abor input.
Table 9 reports difference between LBO plants and non-LBO pl ants
in the growh rates of the wage bill B (total |abor incone
generated), enploynent E, and the annual wage rate W = B/ E
separately for nonproduction and producti on workers, by year
relative to the year of the LBO  Nonproduction workers accoui nt
for about 30 percent of total enploynment in manufacturing
establishments. It also reports differences in growh rates of

the hourly wage rate W, and of annual hours of work per enpl oyee



H for production workers only (hours of nonproduction workers are
not reported in the survey). These growh rates are interrel ated
since (using dot superscripts to denote growth rates):

B=E+ W

= E+ W+ H

The first columm of the table reveals that in the three years
before the LBO the wage bill of nonproduction workers is grow ng
at about the sanme rate in LBO and non-LBO plants, but in the two
years after the LBO, this wage bill is grow ng nmuch nore slowy
in LBO plants: the average annual rate of relative decline is
5.3 percent. The decline is particularly pronounced (7.2
percent) in year +2. In contrast, the wage bill of production
workers is slightly increasing in relative terns after the LBO
so there is a sharp drop in the gromh of the ratio of the
nonpr oduction to production wage bill. Consequently, LBGOs m ght

be interpreted as non-neutral or biased organizational

i nnovations that are relatively production-|abor using and

nonpr oduct i on-1 abor savi ng.

The post-LBO decline is the nonproduction wage bill is
al nost equally due to reductions in nonproduction enploynent and
annual wages (2.7 and 2.6 percent, respectively). Both the
enpl oynent and especially the annual wage of nonproduction
relative to production workers declines follow ng LBGs. This
suggests that LBOs reduce the demand for nonproduction workers

relative to the demand for production workers. Because the



annual wage of nonproduction enpl oyees tends to substantially
(about 53 percent) higher than than that of production enpl oyees,
the decline in their relative wage woul d appear to reduce

i nequality of wages within LBO plants.

The growth in the annual wage rate of production workers is
significantly higher in LBO plants than in other plants in the
sane industry in the two years follow ng the LBO  About two-
thirds of this difference is attributable to hourly wage rates,
and one-third to annual hours. After an LBO, production-worker
enpl oynent declines (in relative terns) at an average annual rate
of 0.9 percent, but total hours of production workers (E C H)
decline nore slowy than they did during the three years before
t he LBO

To summari ze the precedi ng observati ons:

1) Total hours worked by production workers decline nore
slowy after the LBO before the LBO.

2) Hourly and (especially) annual wage rates of production
wor kers increase after a buyout.

3) Both enpl oynent and annual wages of nonproducti on workers
decline sharply after a buyout.
It is interesting to consider the increase in production-worker
wages and the decrease in relative enpl oynent of nonproduction
workers in post-LBO plants fromthe perspective of "efficiency

wage" theory.? A prenise of that theory is that the firm has

2 See Bartel and Lichenberg (1988) for a recent
di scussion of efficiency-wage theory.



two al ternative nmeans of inducing (production) workers to expend
effort (which it is costly for the firmto nonitor): the
"carrot" of high wages (paying a wage premum and the "stick" of
i ntensive supervision (a high ratio of nonproduction to
production workers). Qur evidence is consistent with the view
that in the course of the pre- to post-LBO transition managenent
i ncreases the use of the carrot and reduces the use of the stick.

V. Pl ant cl osi ngs

The difference between buyout and non-buyout plants in
productivity, output and inputs reportd in Tables 5 through 9
were all based on the subset of "surviving" plants, i.e. plants

present in the LRD in 1981 that had not closed by sone subsequent

year. Calculations for any particul ar year during the period
1981-86 were based on all plants ever in the sanple that had not
closed prior to that year. Because the plants that close are
likely to be a nonrandom sanple (in terns of their productivity,
for exanple) of all plants, estinmates based on the "censored"
sanpl e of surviving establishnments nmay be biased. Unfortunately,
nonrandom censoring of observations in a |ongitudinal context
poses extrenely difficult nethodol ogi cal problens;? our
objective here is sinply to docunent the extent of plant failure
(closing) and to try to assiss the direction of bias in our

conpari sons of buyout and nonbuyout plants.

23 See Pakes and Ericson (1989) for a recent, very
sophi sticated attenpt to address sone of these
pr obl ens.



First, we provide sone evidence concerning the relationship
bet ween productivity and plant closing. Table 10 shows
differences in the nean productivity residual in each of the
years 1972-81 between plants that closed and didn't close in
1981. The productivity of plants closing in 1981 was
significantly |l ower than that of other plants in each of the ten
years prior to closing, and the productivity gap was w deni ng as
the cl osing date approached. In addition to having negative and
declining levels of relative productivity, colums 2 and 3 of the
tabl e show that plants destined to close in the future have
negative and generally declining relative rates of output and
enpl oynent growt h.

Since Table 10 shows that the probability of (future) plant
closing is inversely related to productivity, and Table 6
reveal ed that LBO (and especially MBO plants exhibit above-
average productivity around the date of (especially after) the
buyout, one woul d expect there to be a | ower incidence of plant
cl osi ngs anong LBO (and especially MBO plants than anmong non-
buyout pl ants.

Tabl e 11 presents rates of plant closing in each of the
years 1981-86 for six cohorts of LBO and MBO plants and for al

plants in our extract of the LRD. These are conditional rates of

closing, i.e. relative frequencies of closingg in year t anong
pl ants that have not closed prior to year t. The top panel of

the table shows closing rates anong plants involved in all LBGs



(both MBGs and other LBOs). There are a total of 21 year-
specific closing rates for the 6 LBO cohorts, and 11 of these are
smal ler, and 10 are larger, than the rates for all sanple plants
in the correspondi ng year. These data therefore give the

i npression that plants previously involved in LBGCs are neither
nore nor less likely to close than other plants.? The apparent

| ack of a difference nay be partly due to the fact that, although
LBO plants are nore productive, they are al so sonewhat snmall er
(nmean enpl oynent 17 and 25 percent |ower) than non-LBO pl ants,
and Dunne, Roberts, and Sanuel son (1987) have shown that |arge
plants are less likely to close. 1In contrast, only 5 of the 21
MBO pl ant cl soing rates, shown in the bottomhalf of the table
equal or exceed the closing rates for all sanple plants in the
correspondi ng year. The preponderance of zeroes for the 1981 and
1982 MBO cohorts may partly be an artifact of the small nunber of
MBO plants in those cohorts (16 or less in each), but even anong
the last 4 cohorts (whose minimnuminitial size was 57), only 3
out of 10 equal or exceed their corresponding year's rate for al
sanpl e plants. Thus MBO plants appear to be appreciably |ess
likely to close than plants not involved in LBOs. Qur finding a
difference for these plants but not for LBO plants in general may

bae due not only to the markedly higher productivity of these

24 This inpression is confirnmed by a conparison of the
"survival rates" -- the cummul ative products of one
m nus the previous closing rates -- of the two group of

pl ants.



pl ants, but also to their greater size -- they are only 1 to 13
percent smaller, on average, than plants not involved in buyouts.

The | ower rates of plant closing anong plants involved in
managenent buyouts suggest that estinmates of differences between
MBO and non- MBO pl ants based on the censored sanple may be

downward biased. Tables 5 and 6 may underestinate the

productivity increase associated with managenent buyouts, and the
estimated differences in output and i nput growth of MBO plants
reported in Table 7 may be too negati ve.

VI . R & D i nvest nent

We exam ned above the rel ationship between LBOs and the
grow h of the capital stock, which is closely related to the rate
of net investnent in plant and equipnent. |In this section we
investigate the rel ati onship between LBGs and investnent in
research and devel opnment. There is considerabl e evidence that
R&D i nvest ment has a significant positive inpact |ong-run
productivity growmh.? Due to data linmitations, we were able to
anal yze only the short-run (within two-year) "effect” of buyouts
on TFP. Analysis of the |ink between buyouts and R&D i nvest nent
may provide at |east indirect evidence concerning the inplication

of buyouts for long-run productivity growth. ?®

2 See lichtenberg and Siegel (1989b) for an econonetric
anal ysis of this inpact based on Census nicrodata.

26 From anot her perspective, by exam ning the effects of
LBOs on R&D as well as on (short-run) TFP, we are
assessing their inpact on dynamc as well as static
(technical) efficiency.



The LRD does not contain any information about investnent in
R&D i n manufacturing establishments. Even if it did, such
i nformati on woul d not be very neaningful. Lichtenberg and Si egel
(1989a, p. 8) reported that 47 percent of personnel engaged in
R&D are enployed in "auxiliary establishnments” (including central
adm ni strative offices and R& | aboratories) rather than in
manuf acturing establishnments. R&D is a relatively centralized
function wthin conpanies, and since the output of R&D is a
relatively "public good" (easily diffused across the conpany's
establishnments), it is the anobunt of R&D conducted in the entire
conpany, rather than specific establishnments, that determ nes
their productivity. This is presunably the reason why the
governenment's official survey of industrial R& activity -- the
NSF/ Census RD-1 survey -- is a firmlevel survey.

We used data fromthe RD-1 survey to assess the inpact of
LBGCs on R&D investnent. CQur strategy is to conpare the change in
average R&D intensity (one neasure of which is the ratio of R&D
investnment to sales) of firns involved in LBGOs ("LBO firnms") to
that of all firns. W have two reasons for choosi ng R&D-
intensity (rather than, for exanple, real R&D expenditure) as the
nmeasure to be exam ned. First, a reduced-formrelationship
bet ween TFP growth and R&D-intensity can be formally derived from
a production function which include as an argunent the stock of

"know edge capital,"” and such a rel ationship has been estinated




in numerous studies.? Second, LBOs are frequently followed by
the divestiture of divisions of the acquired conpany; such
divestitures would tend to artificially depress the change in
real R&D, but not the change in R&D-intensity (unless the nost
R&D-i nt ensi ve divisions were nost likely to be divested.)

Because the RD-1 data are at the firmlevel, we will include
only LBOs of entire firnms, and not of divisions of firnms, in our
set of "LBOfirnms." Recall fromTable 3 that there were 80 nmj or
LBGs of entire firnms involving conpani es observed in the Census
data nd that these accounted for about 70 percent of the
aggregate value of LBOs. 43 out of these 80 conpanies were
included in the sanple of RD-1 survey firnms in each of the years
19878-86. These 43 conpani es conprise our set of "LBO firms."

Sanpl e nean values of R&D-intensity in the years 1978-86 for
both the 43 LBO firnms and for all R&D perforners are presented in
Table 12. Two alternative neasures of R&D-intensity are used:
the ratio of R& expenditure to sales (RDINT1l), and the ratio of
t he nunber of full-tinme-equivalent R&D scientists and engi neers
to total conpany enpl oynent (RDINT2). The nean values for LBO
firms of both these neasures tended to increase over this 9-year
period, and were never higher than they were in the |last year, by
which all the buyouts were conpleted. The nean val ues of RDI NT1
and RDINT2 for LBO firnms were respectively 50 percent and 21

percent greater in 1986 than they had been in 1978. The average

27 See, e.g., Lichtenberg and Siegel (1989b).



R&D intensity of all R&D perforners in the RD-1 sanple was al so
increasing significantly during the period.*® The relative R&
intensity of LBO firns (shown in the |ast colum) therefore
i ncreased | ess than the absolute R& intensity, but it increased
neverthel ess, particularly in the last 3 years, during which nost
of the LBGs occurred.

The data in Table 12 cast doubt on the hypothesis that LBGs
are associated wth reductions in the propensity to perform R&D
Anot her way of exam ning the data, which account nore closely for
the timng of the LBGs, also yields results inconsistent with
hypot hesis. For each of the years 1981-86, we identified the set
of firnms that were involved in an LBO either in that year or a
previous year. For both these firnms and for all firnms we then
cal ucul ated the proportion of firnms which had increased their R
& intensity since the previous year. The results are presented
in Table 13. the proportion for firnms involved incurrent or past
LBGs is never |lower than the proportion for all firnms, and is
equal in only year.

There have been at | east two | arge-scal e studies of the
ef fect changed in ownership (nergers and acquisitions) in general
on R&D investnent: Hall (1988) and LIchtenberg-Si egel (1989a).

Both found essentially no difference in the gromh of R&D between

28 To an inportant extent, this increase -- even in the
"conpany-financed" conponent -- may be attributable to
the large U S. mlitary buildup during the period. See
Li chtenberg (1988) for discussion of this point.



firms involved and not involved in owership change. W are
aware of only one very limted attenpt to assiss the effects of
LBOs in particular on R&D; it is described in a Feb. 1, 1989
menor andum by the National Science Foundation (NSF) prepared in
response to a request fromthe Subcommttee on Tel ecommuni cati ons
and Finance of the House Commttee on Energy and Commerce. NSF
identified 8 conpanies anong the top 200 R&D perforners invol ved
in "LBOs or other restructuring,” and determ ned that these
conpani es reduced their R& expenditure by 12.8 percent from 1986
to 1987. In constrast, other top-200 conpani es not involved in
mergers, LBOs or other restructurings increased their R&
spendi ng by 5.4 percent.

NSF granted to us access to their list of 8 conpanies
involved in "LBOs or other restructurings”; only one of these
conpani es appeared on our presumably conprehensive |ist of major
LBGs. The rest of the conpanies were evidently involved in
"ot her restructurings" such as stock repurchases. There are at
| east 3 reasons, therefore, why the figures cal cul ated by NSP
m ght be regared as very unreliable estimates of the effects of
LBOs per se on R&D investnent: (1) only one of the eight
conpani es was actually involved in and LBO, (2) NSF cal cul at ed
the change in R&D in only a single year; and (3) they eval uated
the change in the level of R&D, rather than in R&D intensity,
which is mleading if the conpanies are divesting divisions -- a

frequent concomtant of restructuring.



VII. Summary and concl usi ons

In this paper we have investigated the effects of |everaged
buyouts on productivity and rel ated aspects of firm behavi or
using large |ongitudinal establishnment- and firmlevel Census
Bureau data sets linked to a list of LBGs conpiled from public
data sources. About 5 percent, or 1100, of the roughly 20,000
relatively | arge manufacturing establishnents represented in our
extract fromthe LRD file were involved in an LBO during the
period 1981-86. This is about one-fourth the fraction involved
in all types of nergers and acquisitions.

We found that plants involved in LBOs during 1981-86 had
significantly (about 14 percent) higher rates of productivity
growt h over that five-year span than other plants in the sanme
i ndustry. The productivity inpact of LBGs is nuch |arger than
previ ous estimates of the productivity inpact of LBOs is nuch
| arger thanprevious estimates of the productivity inpact of all
nmergers and acqui sitions. Anong MBOs -- the subset of LBOs in
whi ch the acquiror includes the nmanagers of the acquired unit --
the productivity growh differential was even |arger -- about 20
per cent .

Two factors which may contribute to the relative
productivity increase anong LBO plants are: (1) increased
intensity of effort by |abor, and nore generally, increased
utilization of all enployed inputs, due to increased sensitivity

of their financial rewards (and penalties) to their performnce;



and (2) reduction inthe proportion of resources msallocated to
inefficient activities, due to curtailnment of "free cash flow'
and to nore intensive nonitoring of managers by investors.

Qur previous research suggests that a significant fraction
of the productivity gains associated with changes in corporate
control are due to reductions in central-office overhead. Since
data on central offices were unfortunately not available for this
i nvestigation, the estimted productivity gains may substantially
understate the true gains.

The estinmates suggest that plants involved in LBGOs had
above-average | evels of productivity 10 to 12 years prior to the
buyout, by experienced gradual declined in subsequent years until
they were just above average on the eve of the buyout. 1In the
year of or follow ng the buyout, the relative productivity of
these plants increased sharply to a | evel higher than that ever
previ ously observed. The productivity of plants involved in MBOs
appears to increase several years before the buyout, although
their productivity significantly bel ow average i nmedi ately prior
to the transaction; plants involved in LBOs are no worse than
average, and those involved in MBOs are better than average.

The difference in 1981-86 productivity growh rates between
LBO plants and non-LBO plants is nostly due to | ower input
grow h, rather than higher output growth, of the fornmer. Plants
involved in LBOs during 1981-86 tended to enploy |ess capital and

| abor, relative to the industry average, in 1986 than they did in



1981. But the relative quantities of capital and | abor enpl oyed
in LBO plants were declining for several years before the buyout
as well as for several years after, and the rate of decline was
sam ler (and less significant) after. LBOs are thus associ ated
with a reduction in the rate of (relative) downsizing.

LBOs tend to be preceded or followed by significant and
differential changes in the wages, hours, and enpl oynent of
production and nonproduction enpl oyees. Total hours worked by
producti on workers decline nore slowy after than before the LBO
Their hourly and (especially) annual wage rates increase after
the buyout. 1In stark contrast, both the enploynent and wages of
nonpr oducti on workers decine sharply following an LBO  These
findi ngs suggest that LBOs are associated with reduction in
i ntrapl ant wage dispersion and also with increased reliance on
wage incentives, and reduced reliace on nonitoring by
supervisors, to elicit effort on the part of production workers.
LBOs appear to be production-I|abor-using, nonproduction-|abor-
savi ng, organi zational innovations.

The results summari zed above are based on the censored
sanpl e of surviving establishnents, i.e. plants that close are
excl uded fromthe productivity, output and input growh
cal cul ations. (About 12 percent of the plants present in 1981
are known to have closed within the next five years.) Plants
i nvol ved i n managenent buyouts (but not in LBOs generally) were

less likely to subsequently close than other plants, as one would



expect given their relative productiivty and the inverse

rel ati onshi p between productivity and the |ikelihood of plant

cl osing. Consequently, censoring of failing establishnments may
result in downwardly biased estimates of difference between MBO
and non-MBO plants in productivity, output and input grow h.

The final issue we investigated enpirically was the effect
of LBGs and R&D-intensity, which has previously been shown to be
a significant determ nant of the long-run rate of productivity
grwoth. Because R&D is generally of firm as opposed to
establi shnent-1evel function, analysis of this issue was based on
a distinct set of data, the RD-1 survey panel. W found that the
average R&D-intensity of a subset of 43 firnms involved in
(conplete-firm LBGs increased substantially during the period
1978-86. The R&D-intensity of all firnms was al so generally
rising during this period, but at a rate no faster than that of
the R&D-intensity of LBO firnms. These findings are not al
consistent wwth the hypothesis that LBOs are associated with

reductions in the propensity of firnms to invest in R&D
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Leveraged Buyouts of
value > $35 m. involvin
companies observed in
Census LRD extract

Table 2

Value and Number of Leveraged Buyouts

Involving Companies Observed in Census LRD Extract

All leveraged buyouts
of value > $35 m.

39

| I
gl I
I I
| |
(1) (2) (3) I (4) (5) (6) | % of % of
Total Average | Total Average | Value deals
Value Number Value | Value Number Value | (1)/(4) (2)/(5)
I I
1981 2545.4 13 195.8 | 3136.4 17 184.5 | 81.2 76.5
| |
1982 2437 .4 14 174.1 | 3421.5 21 162.9 | 71.2 66.7
| I
1983 2195.2 16 137.2 | 3852.7 30 128.4 } 57.0 53.3
I |
1984 10767.6 27 398.8 |18804.9 53 354.8 | 57.3 50.9
| I
1985 6033.6 24 251.4 [13035.6 44 296.3 | 46.3 54.5
I |
1986 24956.5 37 674.5 [43849.9 79 555.1 | 56.9 46.8
| |
total 48935.9 131 373.6 |86101.0 244 352.9 | 56.8 53.7
period I I
1983 3853 30 128.4 63532 306 207.6
1984 18805 53 354.8 121274 403 300.9
1985 13036 44 296.3 186009 505 368.3
1986 43850 79 555.1 198190 768 258.1
Sources: Deals of all sizes:

LBOs: Mergers and Acquisitions
M&As: W.T. Grimm & Co.
Deals of value > $35 million:

Securities Industry Association data base.

Value figures are in millions of dollar.






Chart 1

Procedure for Determining Whether or Not
an LRD establishment was involved in an LBO

During a Particular year

Parent
company name

No

on list of firms
acquired via
LBO during year?

Yes

v
LBO was of ,

the entire firm?

Yes

A%

No

N\
SIC codes of
division(s) involved

Yes

\V%

in LBO include SIC
code of this
establishment?

No

\V

Not involved
in LBO
(LBO = 0)

Involved
in LBO
(LBO = 1)

Involved
in LBO
(LBO = 1)

Not involved
in LBO
(LBO = 0)



Year

1981

1982

1983

1984

1985

1986

53

Table 13
Proportions of (Current or Previous) LBO Firms

and of all Firms Increasing R&D - Intensity
From Previous Year

Firms Involved in

LBOs in Current All R&D-
or Previous Years Performing Firms
50% 20%
75 55
41 30
29 29
48 38

37 31



Table 4

Distribution of LRD establishments involved in major LBOs during

42

1981-86, by type of LBO
Other
MBO LBO
FULL-FIRM LBO 239 553 791
(percent) 21.1 48.9
(row percent) 30.2 69.8
(column percent) 59.9 75.4
PARTIAL-FIRM LBO 160 180 340
(percent) 14.1 15.9
(row percent) 47.1 52.9
(column percent) 40.1 24.6
399 733

Note: sums do not exactly match because several plants were involved

in more than one type of transaction.



Table 5

Estimates of Parameter y, in Equation (2):
Effects of LBOs and MBOs on Productivity Growth

Productivity measure

Raw residual

Studentized residual

Note: t - statistics in parentheses.

Independent variable

LBO MBO
_dummy _dummy
.028 .039
(2.7) (2.3)
.100 .134
(2.9) (2.4)

43
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Table 11

51

Conditional Rates of Plant Closing (in percent)
for LBO or MBO plants, by Cohort,
and for all sample Plants, 1981-86

All sample 1981 LBO 1982 LBO 1983 LBO 1984 LBO 1985 LBO 1986 LBO
Year Plants Plants Plants Plants Plants Plants Plants
1981 2.3 1.2
1982 2.9 7.0 2.5
1983 2.6 4.7 0.8 1.9
1984 1.6 2.3 0.8 0.6 1.9
1985 2.0 0.0 1.7 1.3 3.0 1.9
1986 1.9 3.5 3.4 3.2 3.0 4.3 1.2
All sample 1981 MBO 1982 MBO 1983 MBO 1984 MBO 1985 MBO 1986 MBO
Plants Plants Plants Plants Plants Plants Plants
1981 2.3 0.0
1982 2.9 16.7 0.0
1983 2.6 0.0 0.0 2.6
1984 1.6 0.0 0.0 0.9 0.0
1985 2.0 0.0 0.0 1.8 5.0 1.8
1986 1.9 0.0 6.3 2.6 1.7 1.8 1.4
Neviay L.-vigy L.Ui1)
Be
(- 1979 -.074 -.078 -.066
(.013) (.020) (.013)
Af
(1 1980 -.086 -.136 -.132
(.013) (.023) (.015)
Af
' 1981 -.184 -.839 -.759
(.023) (.043) (.038)
Note: 482 plants closed in 1981
18768 plants remained open in 1981
+ + - + + + —_—r—







Table 12
Mean R&D Intensity: LBO firms vs. All R&D Performers,
1978-1986
(1) (2)
Mean R&D Mean R&D

Intensity of Intensity of All

Year LBO Firms R&D Performers (1)=(2)

A. R&D Expenditure + Sales

1978 1.2% 2.9%
1979 1.2 2.9
1980 1.4 3.0
1981 1.4 3.4
1982 1.6 3.5
1983 1.7 3.7
1984 1.5 3.6
1985 1.5 3.7
1986 1.8 3.4
B. R&D Scientists & Engineers + Total Employment
1978 1.4 3.1
1979 1.4 3.3
1980 1.5 3.2
1981 1.5 3.3
1982 1.5 3.8
1983 1.5 3.9
1984 1.5 3.8
1985 1.7 4.0
1986 1.7 3.6

.41
.41
47
.41
.46
.46
.42
.41
.53

.45
42
47
.45
.39
.38
.39
.43
A7

52



Year

1981

1982

1983

1984

1985

1986
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Table 13
Proportions of (Current or Previous) LBO Firms

and of all Firms Increasing R&D - Intensity
From Previous Year

Firms Involved in

LBOs in Current All R&D-
or Previous Years Performing Firms
50% 20%
75 55
41 30
29 29
48 38

37 31



